The purpose of this study was to investigate the effect of cranberry polyphenol fraction on mutans streptococci. Hydrophobicity is an important factor in the adherence of bacteria to the tooth surface. We found that cranberry polyphenol fraction significantly decreased the hydrophobicity of Streptococcus sobrinus 6715, Streptococcus mutans MT8148R and JC2 in a dose-dependent manner (pϽ0.05). Biofilm formation by S. sobrinus 6715 and S. mutans MT8148R was inhibited by 100g/ml cranberry polyphenol fraction (pϽ0.01). When dosage was increased to 500g/ml, biofilm formation by S. mutans JC2 was significantly inhibited (pϽ0.05). Addition of 500g/ml cranberry polyphenol fraction to medium inhibited growth of S. mutans MT8148R compared with the control (pϽ0.05).
Introduction
Periodontal disease and dental caries are major factors in tooth loss. Oral biofilmforming bacteria such as Streptococcus mutans and Streptococcus sobrinus, in particular, are potent pathogens of dental caries 5) . In these pathogens, hydrophobicity is generally an important factor in their ability to attach to the tooth surface 12, 14) . After adhesion, mutans streptococci can colonize and form biofilm by synthesizing glucan and/or adhering to other dental plaque bacteria.
Materials and Methods

Preparation of cranberry polyphenol fraction
Cranberry juice concentrate (40 g, Brix 35°; Nippon Del Monte Corp., Tokyo, Japan) was applied to a glass column packed with Amberlite XAD 7HP (Rohm and Haas Co., Philadelphia, PA, USA). Water (100 ml) was passed through the column to remove nonphenolic cranberry constituents. To elute cranberry phenolics, aqueous 70% ethanol (100 ml) was passed through the column. The elution was then concentrated under vacuum and lyophilized to give the polyphenol fraction 16) (0.53 g). Total polyphenol was confirmed to be 62% by the Folin & Ciocalteau method 11) (Gallic acid conversion) and total flavanol was confirmed to be 34% by the Vanillin-HCl method 1) (Catechin conversion). The total flavanol value represents the sum of monomeric polyphenols, including catechins, and primary components such as proanthocyanidins.
Cranberry polyphenol fraction was dissolved in dimethyl sulfoxide (DMSO) and added to equal amounts of distilled water. The resulting solution was then sterilized through a membrane filter (pore size, 0.45m) and stored at 4°C.
Bacterial strains and culture conditions
The strains used in this study were S. sobrinus 6715 and B13, and S. mutans MT8148R and JC2. The organisms were grown in Todd Hewitt broth (THB: Difco Laboratories, Detroit, MI) at 37°C for 12-24 hr in an anaerobic chamber (N 2 : 80%, H 2 : 10%, CO 2 : 10%). Tryptic soy broth (TSB) was used for biofilm assay.
Hydrophobicity assay
Hydrophobicity was determined as described by Rosenberg et al. 9) . Briefly, bacterial suspensions in PUM buffer, which contains K 2 PO 4 ⅐ 3H 2 O (22.2 g/l), KH 2 PO 4 (7.26 g/l), urea (1.8 g/l) and MgSO 4 ⅐ 7H 2 O (0.2 g/l) were adjusted to an optical density of approximately 0.5 at 400 nm using a UV-VISIBLE SPECTROPHOTOMETER (Shimadzu, Kyoto, Japan). Duplicate samples of 600 l bacterial suspension and an equal volume of two-fold concentration of cranberry polyphenol (500 g/ml, 1 mg/ml) in PUM buffer were placed in tubes, and 600 l hexadecane was added. These tubes were vigorously mixed by vortex-stirring for 60 sec and left to stand for 15 min. Optical density at 400 nm (OD 400 ) of the aqueous phase was then measured. Percentage of hydrophobicity was calculated as follows: {[(OD 400 before mixing)‫(מ‬OD 400 after mixing)]/(OD 400 before mixing)}‫.001ן‬ Each isolate was assayed 3 times, and the values obtained were averaged.
Biofilm formation assay
We investigated the inhibitory effect of cranberry polyphenol fraction on biofilm formation by S. sobrinus 6715 and S. mutans MT8148R and JC2 on the bottom of cell culture plates (SUMILON Multi Well Plate, Sumitomo Bakelite Co., Ltd., Tokyo). Biofilm assays were done using the protocol of Loo et al. 6) . Briefly, strains of streptococci were cultured in TSB supplemented with 100g/ml or 500g/ml cranberry polyphenol fraction for one day under anaerobic conditions. Media and unattached bacterial cells were removed from the wells, and the remaining planktonic or loosely bound cells were removed by rinsing with distilled water twice. The plates were then blotted on paper towels and air dried, and adherent bacteria were stained with 50l of 0.1% crystal violet for 15 min at room temperature. After rinsing twice with 200l distilled water each time, bound dye was extracted from the stained cells with 200l of 99% ethanol. Biofilm formation was then quantified by measuring the absorbance of the solution at 595 nm (OD 595 ) with a microtiter plate reader (Model 3550, Bio-Rad Laboratories, Hercules, CA).
Evaluation of bacterial growth
Susceptibility of bacterial growth to polyphenol fraction was evaluated by ATPbioluminescent assay using the Microbial Cell Viability Assay kit (Promega Corporation, Madison, WI). ATP-bioluminescent activity was shown as Relative Light units (RLU). Strains of streptococci were cultured in THB supplemented with 100g/ml or 500g/ml cranberry polyphenol for one day under anaerobic conditions. Medium containing DMSO without polyphenol was used as a control. One hundred l each strain was added to an equal amount of BacTiter-Glo™ reagent for measurement of bioluminescence at 0, 3, 6, 9 and 12 hr.
Statistics
The Mann-Whitney U-test was used for quantification of biofilm formation and the hydrophobicity test. The bioluminescence assays for growth curve were repeated more than 3 times to confirm proliferation kinetics.
Results
Hydrophobicity assay
The effects of addition of cranberry polyphenol fraction on hydrophobicity are summarized in Table 1 . Hydrophobicity differed between strains. Reduction in hydrophobicity was found to be dependent on concentration of cranberry polyphenol fraction. We found a 70-90% reduction in hydrophobicity in S. sobrinus 6715, S. mutans MT8148R and JC2. The reduction in S. sobrinus B13 was the largest among the tested strains.
Biofilm formation assay
The inhibitory effect of cranberry polyphenol fraction on biofilm formation by mutans streptococcus strains is summarized in Table 2 . Cranberry polyphenol fraction significantly inhibited biofilm formation. Biofilm formation by S. sobrinus 6715 and S. mutans MT8148R was significantly inhibited at concentrations of 100g/ml and 500g/ml compared to the control (pϽ0.01). When the dose was increased to 500g/ml, biofilm formation by S. mutans JC2 was significantly inhibited (pϽ0.05).
Evaluation of bacterial growth
To evaluate the effects of cranberry polyphenol fraction on bacterial growth, we used an ATP-bioluminescent assay. The relationship between viable cell count (CFU) and ATPbioluminescent activity is shown Fig. 1 . This result confirmed that ATP-bioluminescence reflected viable cell counts.
The inhibitory effect of cranberry polyphenol fraction on growth of S. mutans MT8148R is shown in Fig. 2 in S. mutans MT8148R treated with 500g/ml cranberry was lower than that in the control, suggesting that cranberry polyphenol fraction inhibited growth of S. mutans MT8148R in a dose-dependent manner. Cranberry polyphenol fraction, however, showed no inhibitory effect on the growth of the other strains used in this study.
Discussion
Cranberries and cranberry constituents have been shown to possess cariostatic properties.
Cell surface hydrophobicity is an important factor in oral bacterial adherence to the tooth surface 12) . The hydrophobicity of S. mutans is believed to be mainly associated with its cell surface proteins 7) . The present study revealed that the cell surface hydrophobicity of mutans streptococci was reduced by the addition of cranberry polyphenol fraction. An earlier study found that cranberry juice decreased hydrophobicity in oral streptococci 15) . The results of the present study support that finding, showing a reduction in hydrophobicity in mutans streptococci by addition of cranberry polyphenol fraction. It is probable that polyphenol components, especially proanthocyanidins, bind to and/or mask hydrophobic proteins on the cell surface of oral streptococci. The ATP-bioluminescence assay revealed that addition of cranberry polyphenol fraction inhibited growth of S. mutans MT8148R at 500g/ml, but had no effect on the viability of the other 3 strains tested. This suggests that susceptibility of mutans streptococci to cranberry polyphenol differs among strains. In an earlier study, cranberry juice showed no influence on growth of S. mutans MT8148R 15) . The cranberry polyphenol fraction used in this study may have contained higher doses of active components than that of cranberry juice.
Dental plaque is a biofilm composed of polyspecies of bacteria, and the adhesive ability of these microorganisms seems to be an important pathogenic factor. Biofilm is a mass of bacteria capable of evading host defense mechanisms and resisting antibiotics. We demonstrated that polyphenol fraction inhibited biofilm formation, and in former studies, we reported that high molecular mass constituents of cranberry juice such as nondialyzable material (NDM) inhibited the biofilm formation of oral streptococci 15) . Poly 100, 500 mean cranberry polyphenol, 100 or 500g/ml, respectively.
Labrecque et al. 4) reported that NDM inhibited biofilm formation by P. gingivalis. NDM fraction contains 0.35% anthocyanins and 65.1% proanthocyanidins 4, 13) . Our polyphenol fraction sample contained 34% flavonol, including catechins and primary components such as proanthocyanidins. Gregoire et al. 3) identified the bioactive constituents in cranberry against S. mutans using highly purified isolated compounds, and showed the combined effects of specific flavonol and proanthocyanidins on glucan synthesis and acidogenicity. They suggested that the biological activity of cranberry extracts resulted from the complex mixture of flavonoids rather than a single active compound. These active constituents may have been involved in the polyphenol fraction used in this study.
We examined the effects of cranberry polyphenol fraction on the hydrophobicity, biofilm formation and bacterial growth of mutans streptococcus strains. The results of this study, taken together with those of earlier studies, suggest that daily use of mouthwashes, toothpaste or chewing gum containing cranberry polyphenol fraction might prevent the development of dental plaque.
